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(57)  The present invention improves a method of

forming a surface unevenness using a difference in etch-

ing rates, and relaxes limitations on substrates in this
method. In a method of the present invention, an uneven

surface is formed by a method including applying pres-
sure to a predetermined region in a surface of a thin film
formed on a substrate, and etching a region including at

least a portion of the predetermined region and at least
a portion of the reminder of the surface that excludes the
predetermined region. An etching rate difference within

the thin film increases freedom in selecting a substrate

material.

METHOD OF MANUFACTURING ARTICLE WITH RECESS AND PROTRUSION
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
manufacturing an article having an unevenness on its
surface utilizing a difference in etching rates. This tech-
nology is useful, for example, in the manufacture of var-
ious kinds of micro devices.

BACKGROUND ART

[0002] There has been proposed a method of forming
a surface having an unevenness by pressing parts of a
surface of a glass substrate to form a compressed layer
and subsequently etching the surface (JP
2002-160943A). With this method, depressions and pro-
jections are formed on the surface of the glass substrate
due to an etching rate difference between the com-
pressed portion (layer) and the remaining portion within
the glass substrate. Use of this method makes it possible
to impart minute projections and depressions over a wide
surface area far more easily and more efficiently than
using a photolithography technique.

[0003] However, there is a limitation on the types of
substrates to which this method can be applied. The rea-
son is that it is necessary for this method to form within
a substrate a compressed layer whose etching rate is
reduced to such a degree that projections can be formed.
In JP 2002-160943A, a glass substrate containing SiO,
and Al,Oj is disclosed as a substrate suitable for the
above-mentioned method.

DISCLOSURE OF THE INVENTION

[0004] It is an object of the present invention to relax
the limitations on the substrate in a method of forming a
surface having an unevenness by utilizing an etching rate
difference.

[0005] The present invention provides a method of
manufacturing an article, including the steps of: applying
pressure to a predetermined region of a surface of a thin
film formed on a substrate, and etching a region including
atleast a portion of the predetermined region and at least
a portion of a remainder of the surface that excludes the
predetermined region.

[0006] The presentinvention basically utilizes an etch-
ing rate difference in the thin film on the substrate, not in
the substrate. Accordingly, limitations on substrate ma-
terials become less strict than conventional methods of
forming an unevenness utilizing an etching rate differ-
ence.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Figs. 1A to 1H are process drawings showing one
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embodiment of the present invention, each of which
shows a cross section in the vicinity of a surface in
each step.

Figs. 2A to 2D are partial process drawings showing
another embodiment of the present invention, each
of which shows a change in cross-sectional shape
in the vicinity of a surface, associated with the
progress of etching.

Figs. 3A to 3D are partial process drawings showing
yet another embodiment of the present invention,
each of which shows a change in cross-sectional
shape in the vicinity of a surface, associated with the
progress of etching.

Figs. 4A to 4D are partial process drawings showing
still another embodiment of the present invention,
each of which shows a change in cross-sectional
shape in the vicinity of a surface, associated with the
progress of etching.

Figs. 5A to 5G are perspective views, each of which
illustrates a shape of projection that can be manu-
factured by the present invention.

Figs.6A and 6B are perspective views, each of which
illustrates an optical waveguide that can be manu-
factured by the present invention.

Fig. 7 is a perspective view illustrating a low-reflec-
tion member that can be manufactured by the
present invention.

Fig. 8 is a cross-sectional view illustrating an arrayed
waveguide that can be manufactured by the present
invention.

Figs. 9A and 9B are perspective views, each of which
illustrates a microprism that can be manufactured by
the present invention.

Fig. 10A is a perspective view illustrating a micro
chemical chip that can be manufactured by the
present invention, and Fig. 10B is a cross-sectional
view illustrating one example of manufacturing steps
thereof.

Fig. 11 is a perspective view showing the shape of
a surface made in accordance with one example.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008] In the present invention, pressure is applied to
a portion of a thin film to produce a part having a varied
etching rate under predetermined etching conditions,
and by using the etching rate difference in the etching
according to the above-mentioned predetermined etch-
ing conditions, a projection or a depression is formed on
a surface of an article.

[0009] In a manufacturing method of the present in-
vention, the surface having an unevenness may be
formed of only a thin film material by controlling the etch-
ing so that only the thin film is etched away; or alterna-
tively, the etching may proceed further and the etching
may be continued until a portion of the substrate is ex-
posed. If the etching conditions are adjusted so as not
to etch the substrate, it is possible to form a projection
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made of only the thin film material.

[0010] In a manufacturing method of the present in-
vention, the etching may be continued until at least a
portion of the substrate is removed. In this case, it is
possible to form, on the substrate, a projection formed
of a thin film material and a substrate material, that is, a
projection provided with the thin film. Moreover, the etch-
ing may be continued until the thin film is removed from
the region subjected to the etching. This makes it possible
to form a projection formed of only the substrate material.
[0011] Any types of thin film materials may be used as
long as an etching rate difference is accomplished; how-
ever, an inorganic thin film, particularly an oxide thin film,
is suitable as a thin film, as it is chemically stable and its
etching rate is easy to control. Use of an inorganic thin
film improves, for example, thermal stability of a surface
having an unevenness.

[0012] Although the inorganic thin film is not particu-
larly limited, an oxide thin film containing SiO, is prefer-
able, and an oxide thin film further containing at least one
selected from B,05 and Al,Oj in addition to SiO, is es-
pecially preferable. The inclusion of B,O5 and Al,O3 in-
creases the etching rate difference when using an acidic
etchant. Fluorine, GeO,, or the like may be added to the
oxide thin film containing SiO, as appropriate in order to
control various properties thereof. Itis preferable that the
inorganic thin film be amorphous.

[0013] Another preferable example of the inorganic
thin film is a SiO, thin film. As represented by this thin
film, an amorphous film that does not contain modified
oxides such as alkali metal oxides or that contains very
litle modified oxides exhibits a greater density change
as a result of the application of pressure.

[0014] In the present specification, even if an organic
substance is mixed in the thin film, the thin film is regarded
as an inorganic thin film as long as the thin film is mainly
composed of an inorganic substance (specifically, the
content of inorganic substance exceeds 50 mass %).
[0015] The presentinvention may be embodied using
a substrate on which a thin film is formed in advance, or
may be embodied as a method further including a step
of forming a thin film on a substrate. The thin film can be
formed by various conventionally-known methods, such
as a vapor deposition method, a sputtering method, a
sol-gel method, and a liquid phase deposition method.
Although it is sufficient if the thin film is made of a single
layer, the thin film may have a layered structure including
two or more layers, or may have a gradient composition
in which the composition changes gradually along the
thickness direction. Use of the layered structure and the
gradient composition makes it possible to finely adjust
the etching rates.

[0016] If the thin film is too thin, it is readily removed
by etching and thus a high projection cannot be formed;
therefore, it is preferable that the film thickness of the
thin film be 100 nm or greater, or more preferably 500
nm or greater. On the other hand, if the thin film is too
thick, the amount of the thin film to be etched increases
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or the unevenness produced due to the portion having a
varied etching rate may become blunt, particularly in the
case where at least a portion of the surface of the sub-
strate is to be exposed. Taking this into consideration, it
is preferable that the film thickness of the thin film be 100
pm or less, and especially preferably 10 wm or less.
[0017] In the present invention, it is not necessary to
form a portion that produces an etching rate difference
within the substrate. For this reason, limitations imposed
on the substrate material are less strict.

[0018] The substrate material may be glass, ceramic,
semiconductor, or resin. Preferable examples of the
glass include quartz glass, soda lime glass, aluminosili-
cate glass, crystallized glass, low expansion glass, and
athermal glass; preferable examples of the ceramic in-
clude alumina; preferable examples of the semiconduc-
tor include Si and GaAs; and preferable examples of or-
ganic material include PC (polycarbonate) and PMMA
(polymethyl methacrylate).

[0019] It should be noted that when at least a portion
of the substrate should be removed along with the thin
film by etching, it is recommended to select a substrate
composed of a material that can be etched under prede-
termined etching conditions applied to the etching of the
above-mentioned region. When selecting such a sub-
strate material that the etching rate of the substrate is
higher than the etching rate of the thin film under the
above-mentioned predetermined etching conditions, a
high projection can be formed easily.

[0020] The most simple and convenient way of apply-
ing pressure partially to the thin film is partial pressing of
the surface of the thin film. It is recommended that the
partial pressing be performed using, for example, an in-
denter. It is preferable to use a high hardness material
such as diamond for the tip of the indenter. It is possible
that the indenter merely may be pressed against a pre-
determined region of the surface of the thin film, but it
also is possible that while the indenter is being pressed
against the surface of the thin film, the surface of the thin
film and the indenter may be shifted relatively to apply
pressure to a predetermined region of the thin film. This
makes it possible to form a portion having a varied etching
rate along the track of the indenter.

[0021] Italsois possible that while two or more indent-
ers are being pressed against the surface of the thin film,
the two or more indenters and the surface may be shifted
relatively. This makes it possible to form an unevenness,
for example, in a striped shape after etching. Thus, it is
recommended thatthe range in which pressure is applied
partially be selected as appropriate according to the de-
sired shape of unevenness.

[0022] For example, when shifting the surface of the
thin film and the indenter relatively so that tracks of the
indenter intersect in the surface of the thin film, it is pos-
sible to form a part having a varied etching rate in a frame
or lattice shape. In this case, because the region in which
tracks of the indenter intersect (intersection region) is
pressed two or more times, there is a possibility that the
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etching rate of the intersection region may change further
locally. However, by controlling the pressure appropri-
ately, it is possible to make the change of the etching
rate in the intersecting region substantially the same as
the change of the etching rate in the other pressed region
than this intersection region.

[0023] If the pressure is small, the degree of change
in the etching rate is influenced by the magnitude of the
pressure. However, the present inventors have found
through an experiment that the change of etching rates
becomes substantially constant when the magnitude of
the pressure is greater than a predetermined value. More
specifically, when the pressure is less than a predeter-
mined value, the rate of change of etching rates (1 - Ep/Eo;
where Ep is an etching rate after applying pressure and
E, is an etching rate before applying pressure) becomes
larger as the pressure increases, whereas when the pres-
sure is equal to or greater than the predetermined value,
the rate of change of etching rates becomes substantially
constant. Thus, by shifting the indenter while applying
pressure equal to or greater than the predetermined val-
ue, it is possible to equalize the changes in the etching
rates between the region that is pressed two or more
times and the region that is pressed only one time, and
thus to make substantially equal the heights of the pro-
jections after the etching.

[0024] Application of pressure to the thin film may be
performed using a member having two or more indenters,
such as a die. Use of this member improves the produc-
tion efficiency in mass production.

[0025] It also is possible to apply pressure to the thin
film while heating the substrate. Heating reduces the ten-
dency for the substrate and the thin film to break. There-
fore, it becomes easy to form the part having a varied
etching rate so as to reach a deep part in the thin film.
This makes it easy to obtain a high projection.

[0026] Pressing of the surface of the thin film may be
carried out by other means than the indenter. Itis possible
to press the surface partially by supplying at least one
selected from particles and a liquid to a portion of the
surface of the thin film, as represented by a wet blasting
method and a sand blasting method. The wet blasting
method is a method in which particles dispersed in a so-
lution, such as loose abrasive grains, are impacted onto
a predetermined area of the surface of a member at a
high pressure. The sand blasting method is a method in
which particles such as loose abrasive grains along with
an air stream are impacted onto the surface of amember
at a high pressure. It also is possible to produce etching
rate differences randomly by using the characteristics of
these blasting methods. It also is possible that the thin
film may be irradiated with a laser to scatter a portion of
the thin film (abrasion), and the reaction thus obtained
may be applied as a pressure. In the case of using an
indenter, the indenter may be pushed in using ultrasonic
waves.

[0027] Although there are no limitations on the kind of
etching as long as a difference is produced in etching
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rates, wet etching normally is employed. The etching so-
lution (etchant) may be acidic or alkaline; preferable ex-
amples of the former include an etchant containing at
least one kind selected from sulfuric acid, nitric acid, hy-
drochloric acid, sulfamic acid, acetic acid, and hydrofluo-
ric acid, and preferable examples of the latter include an
etchant containing at least one kind selected from potas-
sium hydroxide, sodium hydroxide, and ammonia.
[0028] The etchant may be selected as appropriate
taking the material to be etched or the like into consider-
ation; however, for example, in the case of etching a thin
film containing SiO,, an etchant composed of hydrofluo-
ric acid with which nitric acid, ammonium fluoride, and
the like is mixed as appropriate is suitable.

[0029] It should be noted that in the present specifica-
tion the term "etching" is meant to include any of wet
etching, dry etching, and combinations thereof (for ex-
ample, an etching in which wet etching is performed and
thereafter dry etching is performed).

[0030] In addition, another etching (for example, dry
etching) may be conducted before or after the method of
the presentinvention is conducted by a particular etching
(for example, wet etching).

[0031] For example, it is possible in the foregoing
method that after forming an unevenness on a surface
of an article by wet etching, a step of further dry etching
the surface may additionally be carried out to manufac-
ture an article having a surface unevenness. In this case,
after the wet etching is performed to such a degree that
the thin film remains in at least a portion of the surface,
the surface is recessed by dry etching to such a degree
that the thin film is removed, so that the surface having
an unevenness is formed of the substrate material.
[0032] The region to be etched may be the entirety of
or a portion of the surface of the thin film. In the case of
the latter, it is possible that the region may be etched in
a state in which at least a portion of an outer periphery
of the region to be etched is defined by a resist.

[0033] The present invention encompasses an article
obtained by the method explained above.

[0034] Hereinbelow, a method of the presentinvention
is described for purposes of illustration with reference to
the drawings.

[0035] First, a thin film 12 is formed on a substrate 10
(Fig. 1A), and then an indenter 14 is brought into contact
with a portion of a surface of the thin film 12 to press the
surface of the thin film partially by the indenter 14 (Fig.
1B). Thus, an influence due to stress is caused on a por-
tion 16 of the thin film. Even after the indenter 14 is taken
away and the stress is released (Fig. 1C), the influence
of the stress remains partially on the thin film (Fig. 1D).
Herein, the portion in which the influence of the stress
remains and the etching rate has changed is referred to
as "an influence-remaining portion" 16.

[0036] Unlike the embodiment as illustrated in the fig-
ures, there are cases in which after the indenter 14 is
taken away a dent that has been formed with the pushed
indenter remains on the surface of the thin film. Moreover,
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the influence-remaining portion 16 may be formed deep-
er than in the embodiment illustrated in the figure, for
example, so as to include a portion of the substrate 10.
A deep influence-remaining portion is advantageous in
forming a high projection. In the influence-remaining por-
tion 16, for example, a deformation is caused in the in-
ternal structure, or for example, the composition of the
material is changed locally. The influence-remaining por-
tion 16 may be a compressed layer in which the material
is compressed by pressing.

[0037] Next, the substrate 10 on which the thin film is
formed is wet etched from the surface side of the thin film
12 (Figs. 1E to 1H). In general, the rate of removing the
surface of the thin film 12 becomes smaller in the region
in which the influence-remaining portion 16 is formed
than that of the surroundings because the etching rate
becomes relatively smaller in the influence-remaining
portion 16. For this reason, as the etching proceeds,
minute projections 18 appear on the thin film (Fig. 1E),
the projection 18 gradually becomes higher (Fig. 1F).
[0038] When the etching proceeds further and the in-
fluence-remaining portion 16 is removed (Fig. 1G), the
cross-sectional shape of the projection 18 generally
changes from substantially a trapezoid to a triangle, an
arc shape, an elliptical arc shape, or the like (Fig. 1H).
By making use of this fact, the etching may be stopped
at a stage at which the projection 18 has become a de-
sired shape. It should be noted, however, that when the
influence-remaining portion 16 is removed, the etching
rate difference is eliminated, and accordingly, the projec-
tion 18 may become smaller as the etching proceeds.
Generally, in order to obtain a high projection 18, it is
preferable to stop the etching at a stage just after the
influence-remaining portion 16 is removed (Fig. 1G).
[0039] In the present invention, the shape of the sur-
face having an unevenness can be adjusted by selecting
the thickness and composition of the thin film, the method
of pressing, the conditions of etching, and so forth. For
example, according to the method shown in Figs. 2A to
2D, a projection 19 made of only the thin film material is
formed on a substrate 10, and the surface of the rest of
the region (depression) is formed of the substrate mate-
rial (Fig. 2D).

[0040] In addition, for example, according to the meth-
od shown in Figs. 3A to 3D, a projection 27, a portion of
which is made of a thin film material 28 and the remainder
of which is made of a substrate material, is formed on a
substrate 20, and the surface of the other region is formed
of the substrate material (Fig. 3D). With this method, the
height of the projection 27 can be increased when the
etching rate of the substrate 20 is larger than the etching
rate of the thin film 22.

[0041] Inaddition, for example, according to the meth-
od shown in Figs. 4A to 4D, a projection 29 made of only
the substrate material is formed on a substrate 20, and
the surface of the other region also is formed of the sub-
strate material (Fig. 4D). In this method as well, it is pref-
erable that the etching rate of the substrate 20 is larger
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than the etching rate of the thin film 22.

[0042] When a surface made of only the substrate ma-
terial is required, it is possible that the projection 27
shown in Fig. 3D is formed and the thin film material 28
is removed from the projection 27. This removal may be
carried out by mechanical polishing, etching using an
etchant that attains a higher etching rate for the thin film
material than the etching rate for the substrate material,
or the like.

[0043] Projections having a variety of shapes can be
formed by selecting various conditions. For example, by
pressing with two or more indenters at the same time, or
by pressing with one indenter sequentially, it is possible
to form a plurality of projections having a truncated cone
shape (Fig. 5A), a hemispherical or semi-spheroidal
shape (Fig. 5B), a cone shape (Fig. 5C), or a prismoidal
shape (Fig. 5D).

[0044] When two or more indenters are shifted while
pressing them against the surface of the thin film,
ridge-like shaped projections can be formed (Figs. 5E to
5G). In this case as well, the transversal cross-sectional
shape of the ridges can be controlled to be a trapezoid
(Fig. 5E), a semi-ellipse (Fig. 5F), a triangle (Fig. 5G), or
the like, by adjusting etching conditions or the like as
appropriate. These projections also may be formed by
shifting one indenter sequentially.

[0045] Accordingtothe presentinvention, itis possible
to form minute projections at desired locations easily.
Although not particularly limited, the projections de-
scribed above may have, for example, a height of about
10 nm to 10 um and the bottom face thereof may have
a minimum length of about 100 nm to 20 p.m.

[0046] Hereinbelow, a variety of devices that can be
manufactured by utilizing the present invention is de-
scribed for purposes of illustration. According to the
presentinvention, minute surface textures can be formed
efficiently, and therefore, by using this, a variety of optical
devices, micro chemical chips, and the like can be man-
ufactured efficiently.

[0047] Fig. 6 shows an example of an optical
waveguide. In a ridge waveguide shown in Fig. 6A, a
cladding layer 32 is formed on a substrate 30, and a core
layer 34 is arranged thereon. The projection (core por-
tion) 34a of the core layer can be formed by pressing and
etching the core layer under the conditions that attain the
embodiment shown in Fig. 1. After forming the projection
34a, the cladding layer 36 is formed. Likewise, in a buried
waveguide shown in Fig. 6B, a core layer 38 should be
formed under the conditions that attain the embodiment
shown in Fig. 2. This waveguide may be formed by ap-
plying the conditions that attain the embodiment shown
in Fig. 3, in other words, by slightly etching the cladding
layer 32. In these waveguides, light propagates while be-
ing contained in the core.

[0048] A low-reflection member shown in Fig. 7 has a
moth-eye structure. In this member, a multiplicity of pro-
jections 42 is regularly arranged on a surface of a thin
film on a substrate 40. Herein, an example is shown in
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which the cross-sectional shapes of the projections 42
are substantially the same semi-elliptical shape. The light
incident on this surface is diffusely reflected by the pro-
jections 42, and as a result, the reflectivity in a particular
direction can be reduced to almost zero. The projections
42 may be arranged in an irregular manner, and their
shapes need not be the same. Such a surface structure
can be formed easily by further etching using, for exam-
ple, a wet blast method or a sand blast method.

[0049] Inthe arrayed waveguide shownin Fig. 8, cores
46 are formed in a striped shape on a quartz substrate
44, and a cladding layer 48 is formed so as to cover the
cores 46. The cores 46 can be formed by shifting two or
more indenters that are pressed against a film made of
a core material at predetermined intervals in the same
direction, forming stripe-shaped influence-remaining
portions in this film, and thereafter performing an etching
treatment reaching the quartz substrate 44 (see Fig. 2).
[0050] Ina microprism shown in Fig. 9, prismoidal pro-
jections 52 having a square-shaped bottom face are
aligned in a matrix (Fig. 9A), or prismoidal projections 54
having a rectangular bottom face are lined up (Fig. 9B).
If the substrate is made of glass and projections 52 or 54
having a thin film in their portions are formed (see Fig.
3), it is possible to allow the projections to have a filter
function. All the projections may be constituted by a sub-
strate material (see Fig. 4). These microprisms can ex-
press the function to restrict exiting angle, the function
to deflect the light beam that exits therefrom again, and
so forth.

[0051] In a micro chemical chip 60 shown in Fig. 10,
depressions or grooves 62 are formed so that various
chemical operations are possible (Fig. 10A). The grooves
62 are extremely narrow (for example, with a width of 10
pm to 100 wm), and the amount of solution that flows
through the grooves 62 is accordingly extremely small.
The solution is difficult to flow because of the increased
flow path resistance due to the effect of surface tension
orthelike. The flow path resistance can be reduced when
minute projections 64 are disposed in grooves 62.
[0052] Here, an example is shown of a manufacturing
method for the chip, which is combined with a photoli-
thography technique (Fig. 10B). First, a thin film 72 com-
posed of a material that is chemically stable against a
solution or the like to be used is formed on a substrate
70, and a resist 74 having openings at the locations cor-
responding to the grooves or the like is formed on the
thin film 72 in a predetermined pattern. Further, an in-
denter 76 is pushed in an opening region whose outer
periphery is defined by the resist 74, to form in the thin
film 72 an influence-remaining portion 78 in which the
etching rate is reduced. Subsequently, an etching treat-
ment is carried out, which etches the opening region and
forms a groove 62, and simultaneously a projection 64
is formed.

[0053] The method of the present invention is not lim-
ited to the above-described examples, but may be ap-
plied to manufacturing a variety of micro devices, such
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as diffraction gratings, Fresnel lenses, photonic crystals,
and the like.

EXAMPLES
(Example 1)

[0054] A SiO,/Al,O5 film was formed on a quartz glass
substrate by a sputtering method. The conditions of the
sputtering method were set as follows: the Ar flow rate
was 3.3 X 10"m3/s (20 ccm), the O, flow rate was 1 X
10"m3/s (6 ccm), and the deposition duration was 30
minutes. The film composition was Si:Al = 54.16:45.84,
represented by atom %, and the film thickness was 650
nm.

[0055] Usinganindenter having atip made of diamond
with a radius of curvature of 5 um, a load of about 30 mN
(about 3 g) was applied to the surface of the thin film,
whereby a minute processing mark was formed. The
depth of the processing mark was measured using a non-
contact three-dimensional measurement apparatus, and
it was found that the depth was about 60 nm.

[0056] The surface of the thin film on which the
processing mark was formed was subjected to wet etch-
ing using a 0.1 % concentration hydrofluoric acid under
the conditions of 50°C and 5 minutes. The etch amount
was 170 nm in the region in which there was no influence
of pressing by the indenter. The surface was observed
using a noncontact three-dimensional measurement ap-
paratus, and it was found that a projection having a trap-
ezoidal cross section was formed at the location of the
processing mark. The height of the projection was 18.7
nm, the diameter at the top of the projection was about
20 wm, and the diameter at the bottom thereof was about
25 pm. The etch amount was 91.3 nm at the location of
the processing mark, and itis understood that the etching
rate was reduced to about 54% because of the pressing
of the indenter.

(Example 2)

[0057] A surface having an unevenness was formed
in the same manner as Example 1 except that the etch
amount was 650 nm in the region in which there was no
influence of pressing. In this surface, it was found that a
projection having a trapezoidal cross-section and made
of SiO,/Al,03, which was the thin film material, was
formed on the quartz glass substrate which was exposed.
The height of the projection was 300 nm, and the diam-
eter of the bottom was about 25 pum.

(Example 3)

[0058] A surface having an unevenness was formed
in the same manner as Example 1 except that an alumi-
nosilicate glass substrate was used in place of the quartz
glass substrate and the etch amount was 800 nm in the
region in which there was no influence of pressing. In this
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surface, a projection that has a substantially trapezoidal
cross section was formed on the aluminosilicate glass
substrate which was exposed, and the upper part of the
projection was made of a thin film material whereas the
lower part thereof was made of a substrate material. The
height of the projection was 700 nm, and the diameter of
the bottom was about 25 pm.

(Example 4)

[0059] A surface having an unevenness was formed
in the same manner as Example 3 except that the indent-
er that applies a load was shifted. First, an operation in
which the indenter is swept about 2 mm in a predeter-
mined direction while applying a load of about 30 mN
was repeated 10 times, thus forming 10 streaks of
processing mark that are parallel to each other. The in-
terval between the streaks was 150 um. Next, a similar
sweeping operation was repeated 10 times in a direction
perpendicular to the above-mentioned predetermined di-
rection, thus forming a group of streaks of processing
marks intersecting in a lattice- shape.

[0060] The obtained surface is illustrated in Fig. 11. A
lattice-like shaped projection 75 was formed having al-
most a uniform height even in the intersection regions.

INDUSTRIAL APPLICABILITY

[0061] According to the present invention, a surface
unevenness is formed by utilizing an etching rate differ-
ence within athin film, and therefore, freedom in selecting
a substrate material is greater than conventional in the
methods of forming an uneven surface utilizing the
above-mentioned difference. The present invention has
great usefulness as it provides a method of manufactur-
ing optical devices, micro chemical chips, and the like
efficiently.

Claims

1. A method of manufacturing an article having a sur-
face unevenness, comprising: applying pressure to
a predetermined region of a surface of a thin film
formed on a substrate; and etching aregionincluding
at least a portion of the predetermined region and at
least a portion of a remainder of the surface that ex-
cludes the predetermined region.

2. The method of manufacturing an article as claimed
in claim 1, wherein only the thin film is subjected to
the etching.

3. The method of manufacturing an article as claimed
in claim 1, wherein the etching is carried out until at

least a portion of the substrate is removed.

4. The method of manufacturing an article as claimed
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11.

12.

13.

14.

15.

16.

in claim 1, wherein the etching is carried out until the
thin film is removed from the region.

The method of manufacturing an article as claimed
in claim 1, wherein the thin film is an inorganic thin
film.

The method of manufacturing an article as claimed
in claim 5, wherein the inorganic thin film is an oxide
thin film comprising SiO,.

The method of manufacturing an article as claimed
in claim 6, wherein the oxide thin film further com-
prises at least one selected from B,O3 and Al,Os.

The method of manufacturing an article as claimed
in claim 1, wherein the substrate is glass, ceramic,
semiconductor, or resin.

The method of manufacturing an article as claimed
in claim 1, wherein the substrate is composed of a
material that can be etched under predetermined
etching conditions applied to the etching of the re-
gion.

The method of manufacturing an article as claimed
in claim 9, wherein the etching rate of the substrate
is higher than the etching rate of the thin film under
the predetermined etching conditions.

The method of manufacturing an article as claimed
in claim 1, wherein, while pressing an indenter
against the surface of the thin film, the surface of the
thin film and the indenter are relatively shifted,
whereby pressure is applied to the predetermined
region.

The method of manufacturing an article as claimed
in claim 11, wherein, while pressing two or more in-
denters against the surface of the thin film, the sur-
face of the thin film and the two or more indenters
are shifted relatively.

The method of manufacturing an article as claimed
in claim 11, wherein, the surface of the thin film and
the indenter are shifted relatively so that tracks of
the indenter intersect in the surface of the thin film.

The method of manufacturing an article as claimed
in claim 1, wherein pressure is applied partially to
the thin film using a member having two or more
indenters.

The method of manufacturing an article as claimed
in claim 1, wherein the region is wet etched.

The method of manufacturing an article as claimed
in claim 1, wherein the region is etched in a state in



17.

18.
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which at least a portion of an outer periphery of the
region is defined by a resist.

A method of manufacturing an article having a sur-
face unevenness, further comprising dry etching the
surface after forming an unevenness on the surface
of the article by the method as claimed in claim 15.

An article obtained by the method of manufacturing
as claimed in claim 1.
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